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Introduction  
Lipid Oxidation 
 
Primary cause of  quality                             
deterioration in meat 
 
Targets unsaturated fatty acids 
 
Promotes pigment oxidation 
 
Soft fat is undesirable  
affects product appearance and texture  
especially when the product is processed 
 
 
 
 
 
 
Introduction  
  Fatty Acid Composition 
 
 
 
Diets high in PUFA 
altered ratios of  unsaturated to saturated fats in 
resulting beef  products  
 
Beef  with higher PUFA concentrations  
More likely have increased oxidation rates affecting 
Color stability 
Rancidity 
Off  flavor development 
Shelf  life   
Consumer acceptability 
 
 
 
 
 
Introduction 
Depenbusch et al. (2009) fed DDGS diets up to 75%  
– Large difference in PUFA, linoleic acid in resulting beef 
– No difference in oxidation (steaks) 
– Quadratic effect on shelf  life color (steaks) 
– Improved  LD tenderness with increased DGS             
inclusion (steaks) 
 
Introduction 
 
 de Mello Jr. et al. (2008) fed WDGS diets at 0, 15, and 30% 
 
– Increase in PUFA, linoleic acid, in resulting beef 
– Decrease in shelf  life color scores with inclusion of            
DGS (steaks) 
– Increased lipid oxidation when 30% DGS was fed (steaks) 
Introduction 
Koger et al. (2010)  fed wet and dry DGS at 20 and 40%  
 Increase in PUFA, linoleic acid in resulting beef 
No difference in color scores (steaks and ground beef) 
 Increased lipid oxidation at 40% DGS inclusion (ground beef) 
Introduction Distillers Grains Tre ds 
 
 
 
New and existing ethanol plants looking to add 
revenue by: 
 Increasing ethanol produced per bushel 
Diversifying byproduct offerings 
 
Resulting in byproducts different from conventional 
distillers grains 
Compared with conventional distillers: 
Protein is higher 
Fat is lower 
 
Depenbusch et al. (2008) fed 13% DDGS  
No difference: 
Carcass weight 
Dressing percent 
REA area 
KPH  
 
 
HP-DDG 
 12th rib BF 
Marbling Score 
USDA Yield and Quality Grade 
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Effect of High Protein Dried 
Distillers Grains in Beef Finishing 
Diets on Carcass Characteristics, 
Beef Quality, and Sensory Attributes 
Objective  
 Evaluate the effect of  HP  
compared to DDGS and traditional 
corn-based diet on carcass 
characteristics, beef  quality and 
sensory characteristics 
 
 
Hypothesis 
 Animals finished on HP will show 
similar carcass characteristics as 
animals finished on DDGS and 
traditional corn-based diets 
 
 
Hypothesis 
 Animals finished on HP will show 
effects in beef  quality with regard 
to lipid stability as it affects shelf  
life and sensory characteristics 
 
 
Materials and Methods 
 
Animals 
Forty-eight beef  steers 
  Purebred Angus   
Initial BW ~317 kg 
Individually fed  
Calan Broadbent Feeding System (NCROC) 
Harvested 
180 d (~548 kg) 
May 2010 
 
  
 
Traditional dry rolled corn diet (CON)  
     CON w/ 35% DDGS (BPX) 
     CON w/ 35% HP-DDG (HP)  
                      
 
 
 
 
 
Treatments 
BPX HP 
       ----------------%DM------------- 
NDF  23.90  23.60  
CP  27.60  39.00 
Fat  10.90    5.10  
Ca    0.07    0.04 
P    0.96    0.54 
NEg, Mcal/cwt   63.50  59.70 
Nutrient Composition 
Chemical and energy composition of  BPX and HP 
CON BPX HP 
---------%DM---------- 
NDF  15.60  22.40  20.70  
CP 12.10 17.10  22.00  
Fat  3.55    5.96   3.53  
Ca  0.70   0.97   1.03  
P  0.31    0.53   0.34  
NEg, 
Mcal/cwt 
65.90  66.90        67.10 
Nutrient Composition 
Composition of  dietary treatments 
  
 
 
Acclimation Period (28 d) 
Step up period 
Finishing Period (180 d) 
Concentrate ad-libitum 
Water ad-libitum 
Implanted1 
 d 17 of  acclimation period 
 d 56 of  finishing period 
 
 
Diets 
 
1Synovex® Choice; Pfizer Animal Health; New York, NY 
                                          (Kelzer et al., 2011) 
 
Diet and feedstuffs (weekly) 
 
Feed refusals (weekly) 
 
 
Body Weight 
28 d  
 
 
 
 
Data Collection 
 Treatment Diet
1 
  
    CON DDGS HPDG SEM
2 
 P-Value
3 
Initial BW, kg     319   317   314     8       0.90 
Final Live BW
4
, kg     553   552   540     9       0.54 
Overall BW Gain
4
, kg     234   235   226     6       0.49 
Overall DMI, kg/d       10.3     10.2       9.7     0.2       0.08 
DMI, d 28-End of Finishing, kg/d       10.8
a 
    10.5
ab 
      9.9
b 
    0.2    < 0.01 
Overall ADG
4
, kg         1.98       1.99       1.91     0.05       0.49 
ADG, d 28-End of Finishing, kg         2.20       2.13       2.09     0.06       0.44 
Overall Gain:Feed
4
         0.192       0.196       0.197     0.004       0.68 
Gain:Feed, d 28-End of Finishing         0.203       0.205       0.210     0.005       0.62 
 
Feedlot Performance 
• No effects on live animal performance EXCEPT 
for dry matter intake in late finishing 
• Slightly lower intake for low fat/high protein DDG 
    Carcass Evaluation 
                 Commercial Packing Plant 
 
 
Hot and cold carcass weight  
 
REA area  
12th rib fat 
Marbling score  
KPH  
 
USDA Quality and Yield Grade 
 
 
 
 Treatment Diet
1 
  
     CON DDGS HPDG SEM
2 
P-Value
3 
HCW, kg     337 336 329   6     0.54 
Calculated Dress
4
, %       59.6   60.3   59.5   0.4     0.22 
12
th
 Rib BF, cm.         1.429     1.572     1.651   0.084     0.18 
LM Area, cm. sq.       78.6   78.4   76.9   1.3     0.57 
KPH Fat, %         2.4     2.7     2.6   0.2     0.34 
Yield Grade         2.56     2.75     2.69   0.12     0.54 
Yield Grade 2 Carcasses, %       42.6   23.9   30.1 11.7     0.51 
Yield Grade 3 Carcasses, %       57.4   76.1   69.9 11.7     0.51 
Marbling Score
5 
    561 594 609 22     0.26 
Prime and Choice Carcasses, %       81.3   87.5   81.3   9.4     0.86 
Upper 2/3 Choice Carcasses, %       41.6   58.5   65.6 13.2     0.40 
Select Carcasses, %       18.7   12.5   18.7   9.4     0.86 
 
Carcass Performance 
• No effects on carcass characteristics  
 (numerical differences) 
 Processing 
 1 Strip Loin (IMPS1 #180) 
 1 Shoulder Clod (IMPS # 114) 
 1 Inside Round (IMPS # 169) 
 Fabrication 
 Wholesale cuts/portions weighed for 
fabrication percentage 
 
 
 
Data Collection 
1According to the Institutional Meat Purchasing Specifications (IMPS) 
  
Fat Evaluation 
 
12th rib fat 
 
50g fat sample 
 
Fatty acid profile and Iodine Value (IV)  
 
 
Data Collection 
Fabrication 
Anterior end loin 
Steaks (2.54 cm) 
Drip Loss  
Retail Display 
Sensory 
WBSF 
 
 
 
 
 
Data Collection 
  Inside round (~9 kg) 
Thawed, 3 days @ 4 C 
Ground twice (.375 cm plate) 
~.91 kg placed on polystyrene tray, wrapped with PVC 
 
Ground beef 
 
Objective and subjective shelf  life 
Thiobarbituric Acid Reactive Substances (TBARS) 
d 0 and 6 
 
 
Inside Round 
Shoulder Clod (~9.5 kg) 
Thawed, 3 d @ 4 C 
Ground twice (0.375 cm) 
Blended meat blocks (4 animals/trt, 3 blocks/trt) 
Divided into two ~.91 kg batches 
 
Semi-dry fermented sausage (Summer Sausage) 
Emulsified sausage (Bologna) 
 
 
 
Shoulder Clod 
Mixed with commercial blended seasoning 
Culture 
Stuffed (mahogany fibrous casings) 
Fermented 
Smoked (3 h) 
 
 
 
 
 
Summer Sausage 
Cooked (71 C, FSIS Appendix A) 
Cooled (FSIS Appendix B) 
Sliced and placed on polystyrene tray and vacuum 
packaged 
 
 
Objective and subjective shelf  life 
Sensory Evaluation 
 
 
 
 
Summer Sausage 
Second meat block 
Chopped Mixed with commercial blended 
seasoning (1:30 min) 
Stuffed ( clear fibrous casings) 
Smoked ( 1 h) 
 
 
 
 
 
 
Bologna 
Cooked (71 C, FSIS Appendix A) 
Cooled (FSIS, Appendix B) 
Sliced and placed on polystyrene tray                              
and vacuum packaged 
 
 
 
Objective and subjective shelf  life 
 
 
 
 
Bologna 
 Vacuum packaged purge loss 
         ((Initial - final wt.)/ initial wt.) X 100 
 
 Drip Loss 
 Steaks suspended for 24 h @ 4 C in Ziploc® bag 
 Calculated as: 
   ((Initial - final wt.)/ initial wt.) X 100 
 
 
 
 
Moisture Loss 
All products placed in typical retail condition 
Cool white fluorescent light (2,640 lux), 4 C  
Evaluated for objective and subjective color score 
every 24 h 
 
 
 
 
Retail Display 
 Steaks  10 d 
 
 
 
Ground Beef  5 d 
Summer Sausage 14 d 
 
 
 
 
 
 
 
 
 
Bologna 13 d  
Retail Display 
  Objective color score 
L* (psychometric lightness; black=0, white=100) 
 a* (absolute red=100, absolute green = -100) 
 b* (absolute yellow=100, absolute blue= -100) 
 
 
 
 
 
 
Data Collection 
  Subjective color score 
A trained panel 
U of  M students and staff 
Parameters evaluated 
Lean color (8 point scale) 
Surface discoloration (11 point scale) 
Overall acceptability (8 point scale) 
 
 
 
Data Collection 
 Steaks  
 Thawed 36 h, 4 C 
 Cooked in electric oven @ 180 C 
 Internal, 71 C 
 Cut 1 x 1 x 2.54 cm cubes 
 Sand in double boilers was                            
used to keep samples warm 
 
 
 
Sensory Analysis 
 Summer Sausage  
 Slices (0.3 cm thick and 6.4 cm in diameter) 
were quartered 
 2 quarters per panelist 
 Samples were kept at 4 C until served 
 
 
 
 
 
Sensory Analysis 
 Sensory Panel 
 All panelist were 18 yrs or older 
 
 No food allergies 
 
 Consumed product within last month 
 
 
 All samples served in 2 oz. (56.7 g) plastic cups 
 
 Random 3 digit number 
 
 Samples were served to panelist in 3 sets of  3 samples 
 
 Each set was balanced for order and carryover effects 
  
 
 
Sensory Analysis 
 Sensory Panel (108 steak and 101 Summer Sausage) 
 All panelists ate one piece of  product and rated it for: 
 Overall liking, flavor liking, and texture liking 
 120 point labeled affective magnitude scale 
 
  
 
 
 
 
 
Sensory Analysis 
 Sensory Panel 
 All panelist ate second piece of  product and rated it for: 
 Off-flavor, toughness,  juiciness (steaks), and 
sourness (Summer Sausage) 
 20 point line scale 
 
  
 
 
 
 
 
Sensory Analysis 
Data Collection 
 Tenderness - WBSF 
 Thawed 24 h, 4 C 
 Cooked in oven @ 180 C 
 Internal, 71 C 
 Equilibrate at 25 C 
 6 - 1.27 cm cores  
 
 
 
Results 
abcMeans in the same row having different superscript are significant. 
d500=small, 600=modest 
  CON BPX HP P-Value   
CON vs. 
DDG 
BPX vs. 
HP 
HCW, kg 336.79  336.08  328.80 0.54   0.53 0.36 
CCW, kg 334.24  334.02  326.47 0.54 0.56 0.34  
Carcass Shrink, %     0.76      0.62      0.70 0.24 0.17 0.32 
Marbling Scored 560.67  593.57  608.57 0.26 0.12 0.62 
REA, cm2  77.93    78.39     76.84 0.57 0.52 0.40 
BF, cm    1.42     1.57      1.65 0.18 0.08 0.51 
KPH, %    2.34     2.69      2.59 0.35   0.16 0.70 
                                                                 Main Contrasts 
                  Treatment     --P-value-- 
Carcass Characteristics 
  CON BPX HP P-Value 
CON vs. 
DDG 
BPX vs. 
HP 
USDA Yield Grade 2.56 
     
2.75  2.69 0.54 0.29 0.71 
        YG 2, %  44  25   31 0.51 0.28 0.70 
        YG 3, %  56  75   69 0.51 0.28 0.70 
USDA Quality Grade 1.19  1.13  1.31 0.51 0.83 0.26 
            Prime, %    0    0     6 0.35 0.47 0.21 
           Choice, %  81  88   75 0.66 1.00 0.36 
Select, %      19       13        19 0.86 0.78 0.63 
Carcass Characteristics 
abcMeans in the same row having different superscript are significant. 
                                                                 Main Contrasts 
                  Treatment     --P-value-- 
Moisture and Fabrication Loss 
  n CON BPX HP P-Value 
CON vs 
DDG 
BPX       
vs. HP 
Drip Loss, % 42 0.75 0.43 0.62 0.49 0.34 0.49 
Purge Loss, % 43 1.83 1.85 2.22 0.16 0.53 0.07 
Fabrication Loss, Inside Round, % 40 1.22 1.20 1.25 0.20 0.91 0.08 
Fabrication Loss, Strip Loin, % 43 0.71 0.68 0.69 0.36 0.17 0.78 
Fabrication Loss, Shoulder Clod, % 44 1.28 1.26 1.30 0.20 0.88 0.08 
abcMeans in the same row having different superscript are significant. 
                                                                 Main Contrasts 
                                Treatment           --P-value-- 
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std error=0.33 
 a* (Strip Steaks) 
aSignificant difference between all treatments 
bSignificant difference between DG and CON 
cCON and HP are significantly different while BPX is different from neither treatment 
 
Lean Color (Strip Steaks) 
bSignificant difference between DG and CON 
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Overall Appearance (Strip Steaks) 
aSignificant difference between all treatments 
bSignificant difference between DG and CON 
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 a* (Ground Beef) 
cCON and HP are significantly different while BPX is different from neither treatment 
dCON and HP are significantly different while BPX is different from neither treatment 
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 Lean Color (Ground Beef) 
bSignificant difference between DG and CON 
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 Overall Appearance(Ground Beef) 
bSignificant difference between DG and CON 
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Days on Display 
BPX 
CON 
HP 
b 
b 
b 
std error=0.15 
 Lean Color (Bologna) 
bSignificant difference between DG and CON 
cCON and HP are significantly different while BPX is different from neither treatment 
 
 
1 
2 
3 
4 
5 
6 
7 
8 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
L
e
a
n
 C
o
lo
r 
Days on Display 
BPX 
CON 
HP 
c 
c 
c c 
b 
b 
std error=0.17 
 Surface Discoloration (Bologna) 
bSignificant difference between DG and CON 
cCON and HP are significantly different while BPX is different from neither treatment 
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Summer Sausage 
abcMeans in the same row having different superscript are significant 
1L* brightness (0=black, 100=white); a* redness/greenness (positive values=red, negative 
values=green); b* yellowness/blueness (positive values=yellow, negative values =blue) 
2Lean color (1=extremely brown, 8=extremely bright, cherry red); overall appearance (1=extremely 
undesirable, 8=extremely desirable); surface discoloration (1=91-100% discoloration, 11=0% 
discoloration) 
. 
CON BPX HP P-Value 
Con vs. 
DG 
BPX vs. 
HP 
a*   9.90 10.25   9.95 0.28   0.32 0.21 
b* 10.49 10.70 10.78 0.57 0.32 0.77 
L* 49.33 50.47 50.35 0.23 0.09 0.87 
Lean Color  4.92   5.01   4.95 0.44 0.23 0.71 
Surface Discoloration 10.30 10.01 10.03 0.16 0.23 0.13 
Overall Appearance  4.86   4.86  4.84 0.82   0.82 0.57 
                                                                 Main Contrasts 
                  Treatment     --P-value-- 
Results 
Sensory (Steaks) 
abcMeans in the same row having different superscript are significant 
1Measured on a labeled affective magnitude scale with psychologically placed markers: 0=strongest dislike imaginable , 120= strongest like 
imaginable 
2Toughness, sourness, juiciness, and were measured on a line scale with placed markers: 0= none,  20= extremely intense 
Steaks (n=108) CON HP BPX P value 
  
Con vs. 
DGS 
BPX vs. 
HP 
Overall Liking1 71.5 68.6 70.5 0.10 0.11 0.16 
Flavor Liking1  71.3a   68.1b    70.3ab 0.06 0.08 0.12 
Texture Liking1 68.8 68.3 70.5 0.47 0.69 0.25 
Toughness2     7.27    7.17    6.62 0.17 0.25 0.14 
Juciness2     7.72    8.49    7.81 0.10 0.21 0.09 
Off  Flavor2    4.30    4.68    4.30 0.20 0.38 0.12 
WBSF, kg    2.54    2.37    2.88 0.25 0.72 0.10 
                                                                 Main Contrasts 
                  Treatment     --P-value-- 
 Sensory (Summer Sausage) 
abcMeans in the same row having different superscript are significant 
1Measured on a labeled affective magnitude scale with psychologically placed markers: 0=strongest dislike imaginable , 120= strongest like 
imaginable 
2Toughness, sourness, juiciness, and were measured on a line scale with placed markers: 0= none,  20= extremely intense 
Summer Sausage     
(n=101) 
CON HP BPX P value 
  
Con vs. 
DGS 
BPX vs. 
HP 
Overall Liking1 70.0a 68.1ab 66.28b 0.01 0.01 0.13 
Flavor Liking1 70.6a 69.1ab    67.4b 0.04 0.04 0.20 
Texture Liking1 64.8a    64.1a    61.0b 0.01 0.05 0.02 
Toughness2     5.74a 6.19b    5.23c <0.0001 0.89 <0.0001 
Sourness2    5.22     5.00   4.77 0.15 0.10 0.32 
Off  Flavor1    4.41     4.85   4.81 0.16   0.05 0.91 
                                                                 Main Contrasts 
                  Treatment     --P-value-- 
 Fatty Acid Composition 
abcMeans in the same row having different superscript are significant 
1ω= omega 
 
 
 
CON BPX HP P Value Con vs. DGS BPX vs. HP 
14:0 Myristic 3.367ab 3.153a 3.589b 0.009 0.972 0.002 
16:0 Palmitic 26.543a 24.801b 27.177a <0.001 0.067 <0.001 
17:0 Margaric  1.175a .908b 1.239a <0.001 0.025 <0.001 
18:0 Steric  13.49a 15.766b 13.765a 0.012 0.067 0.015 
18:1 (ω-9)1 Oleic 41.728 43.338 41.461 0.746 0.771 0.483 
18:2 (ω-6) Linoleic 1.505a 3.858b 4.212b <0.001 <0.001 0.128 
18:3 (ω-3) Linolenic 0.33a 0.26b 0.251b 0.042   0.013 0.783 
Total Fatty Acids  95.471 98.562 98.819 0.319 0.135 0.961 
                                                                 Main Contrasts 
                  Treatment     --P-value-- 
 Fatty Acid Composition 
abcMeans in the same row having different superscript are significant 
1Iodine Value = C16:1(0.95) + C18:1(0.86) + C18:2(1.732) + C18:3(2.616) + C20:1(0.785) + C22:1(0.723) 
 
 
 
CON BPX HP P Value 
Con vs. 
DGS 
BPX vs. 
HP 
SFA 43.458 43.778 44.607 0.441 0.361 0.372 
MUFA 47.297 48.085 46.565 0.859 0.991 0.585 
PUFA 1.835a 4.118b 4.463b <0.001 <0.001 0.112 
PUFA:SFA Ratio 0.0425a 0.094b 0.100b <0.001 <0.0001 0.172 
(ω-6):(ω-3) 4.800a 16.670b 17.141b <0.001 <0.001 0.809 
Iodine Value1 46.198a 48.279b 47.555a 0.021   0.009 0.314 
                                                                 Main Contrasts 
                  Treatment     --P-value-- 
 TBARS 
abcMeans in the same row having different superscript are significant 
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Summary 
Carcass characteristics  
Results agree with previous research                     
(Depenbusch et al. (2008) and Haack et al. (2011)1 
 
 
Objective and subjective color for steaks  
 
Rapid decrease in a* and lean color after day 4 of  
retail display for lower fat DG 
 
 
1Haack et al. (2011) fed WDG with 6.91% and 4.72% fat vs. CON 
 
Summary 
 
 Sensory 
 
 4.72% fat DG steers had the toughest steaks 
More off  flavors in steaks from steers fed 4.72% fat DG 
 
 Lipid oxidation  
 Similar results all significant at d 7 with LF DG the most oxidized 
 
 Fatty Acid Profile 
 PUFA content significantly higher in cattle fed DGS vs. CON 
Increase in PUFA resulted  in increase in concentrations of  
linoleic acid 
 
 
1Haack et al. (2011) WDG with 6.91% and 4.72% fat vs. CON 
 
Discussion 
Why the increase in PUFA with a lower lipid by 
product? 
 
Both distillers have similar FA profiles 
Fat in BPX comes from solubles 
 
Haack et al. (2011) hypothesized that: 
 fat in the distillers solubles are hydrogenated in the rumen 
 
 fat contained within the grain fraction (germ and bran) are 
protected from biohydrogenation  
 
 Possible explanation for increased PUFA levels, and 
decreased shelf  life and increased oxidation 
 
Conclusion 
Replacing 35% of  corn grain in beef  
finishing diets with HP does not 
affect carcass characteristics, 
moisture loss, and shear force of  
beef  products 
 
Conclusion 
 
Inclusion of  HP in the diet at 35% 
produces small but unfavorable changes 
in sensory characteristics of  fresh steaks, 
as well as an increase in lipid oxidation 
resulting in a decreased shelf  life 
Effects of  Crude Glycerin Inclusion in 
Beef  Finishing Diets on Meat Quality 
 
 
 
Introduction 
• Glycerol 
– Byproduct from biodiesel production 
– Varying levels of  methanol 
– Used in diets to reduce polyunsaturation  
Introduction 
• Parsons et al., 2008 
–Steam flaked corn with 2, 4, 8% crude 
glycerin 
– Increased HCW 
–Decreased ribeye area and lowered 
marbling scores 
Objectives 
• Evaluate the inclusion of  MDGS and crude 
glycerin in beef  finishing diets on meat quality 
characteristics 
 
• 3 products for research 
Materials and Methods 
Materials and Methods 
• Rosemount Research and Outreach Center 
 
• Calan door system 
• 48 steers and heifers 
• 4 pens 
– Blocked by sex 
• 4 treatments 
 
Materials and Methods 
Ingredient MDGS/Glycerin 
Y/N N/N Y/Y N/Y 
Grass Hay 10.00 10.00 10.00 10.00 
Steam Flaked Corn 51.50 81.50 41.50 70.50 
QLF CoreMax 20 R600 3.50 3.50 3.50 3.50 
QLF Dairy TMR 0 5.00 0 6.00 
MDGS 40.00 0 40.00 0 
Glycerin 0 0 10.00 10.00 
       1     2           3       4 
Materials and Methods 
 
• All other analyses similar to previous study 
Results 
Results – Carcass  
Means within a row with different letters differ significantly 
 
1 Yield grade: 1 to 5 with 1= highest yielding carcass and 5= lowest yielding carcass 
2 Quality grade: 1= St, 2= Se, 3= Ch-, 4= Ch 
3 Marbling scores: 400= Slight, 500= small, 600= modest 
Carcass data 
  Treatment     
MDGS Glycerin P-Value 
N Y N Y SE MDGS Glycerin 
Hot carcass weight, 
kg 818.56 814.08 810.55 822.09 13.55 0.82 0.55 
Longissimus muscle 
area   12.83   12.73   12.77   12.80   0.20 0.75 0.93 
Kidney, pelvic and 
heart fat, % 
     
2.43a      2.67b     2.60     2.50   2.60 0.04 0.39 
12th rib backfat    0.55     0.57     0.56     0.55   0.55 0.70 0.85 
Yield grade1    2.66     2.83     2.83     2.78   2.70 0.63 0.81 
Quality grade2    2.83     3.04     3.04     2.87   2.90 0.43 0.35 
Marbling score3 526.86 534.58 534.58 525.61 12.15 0.62 0.20 
Results – Strip Steaks 
 Moisture loss and shear force in strip steaks 
  Treatment     
  MDGS Glycerin   P-Value 
  N Y N Y SE MDGS Glycerin 
Purge loss, %   1.35   1.42   1.51   1.26 0.13 0.67 0.19 
Drip loss, %   1.18   1.58   1.52   1.24 0.16 0.10 0.25 
Cook loss, % 26.31 22.67 23.15 25.80 1.73 0.15 0.29 
Shear force, kg    3.53a    2.55b   2.73   3.34 0.69 0.03 0.16 
Results – Strip Steaks 
 Objective color in strip steaks (L*, a*, b*) 
  Treatment     
  MDGS Glycerin   P-Value 
  N Y N Y SE MDGS Glycerin 
L* 37.99 37.87 37.67 38.19 0.65 0.90 0.57 
a* 21.86 21.61 21.91 21.53 0.42 0.72 0.53 
b* 12.25 12.12 12.11 12.25 0.17 0.60 0.59 
Results – Ground Beef 
 Objective color in ground beef (L*, a*, b*) 
  Treatment     
  MDGS Glycerin   P-Value 
  N Y N Y SE MDGS Glycerin 
L* 36.95 36.84 37.02 36.45 0.64 0.89 0.61 
a* 22.38 21.96 22.40 21.94 0.28 0.29 0.25 
b* 15.58 15.58 15.72 15.44 0.16 0.98 0.23 
Results – Bologna 
Objective color in bologna (L*, a*, b*) 
  Treatment     
  MDGS Glycerin   P-Value 
  N Y N Y SE MDGS Glycerin 
L* 55.77 55.13 54.97 55.93 0.19 0.02 <0.001 
a*   9.67   9.78 10.06  9.39 0.26 0.78 0.07 
b* 11.55 11.35 11.44 11.46 0.16 0.38 0.94 
Results – Sensory – Strip Steaks 
Sensory attributes of cooked strip steaks 
  Treatment     
MDGS Glycerin P-Value 
N Y N Y SE MDGS Glycerin 
Overall liking 67.49 67.60 69.56a 65.54b 0.92 0.92     0.0001 
Flavor liking 69.19 68.95 70.30a 67.84b 0.87 0.82 0.01 
Texture liking 64.91 64.80 67.63a 62.08b 1.01 0.93     <.0001 
Toughness   4.09   4.12  4.04  4.17 0.20 0.87 0.42 
Juiciness   9.35   8.18   6.93a   7.21b 0.22 0.06     <.0001 
Off flavor    7.92a    8.47b   7.20c   9.19d 0.22 0.03     <.0001 
Results – Sensory - Bologna 
Sensory attributes of bologna 
  Treatment     
MDGS Glycerin P-Value 
N Y N Y SE MDGS Glycerin 
Overall liking 77.12 75.57 74.00a 78.70b 0.89 0.06     <.0001 
Flavor liking  77.41a  74.84b 73.46c 78.79d 0.93   0.005     <.0001 
Texture liking 74.80 74.65 72.77a 76.67b 0.96 0.85     <.0001 
Toughness    3.45a    3.76b   3.89c   3.32d 0.22 0.03     <.0001 
Off flavor    3.05a    3.65b  3.50  3.22 0.24 
    
<.0001 0.09 
Results – Fatty Acid Profile 
Beef fatty acid composition (%) 
MDGS Glycerin P-Value 
N Y N Y SE MDGS Glycerin 
Myristic, C14:0   2.93   2.82   2.97   2.77 0.20 0.71 0.50 
Palmitic, C16:0 23.53 23.42 23.58 23.38 0.54 0.89 0.80 
Steric, C18:0 15.31 14.87 14.82 15.36 1.14 0.79 0.75 
Oleic, C18:1 44.27 45.43 44.83 44.86 0.67 0.23 0.97 
Linoleic, C18:2   2.99   3.27   3.08   3.18 0.21 0.37 0.76 
Iodine value 46.49 48.04 47.17 47.36 0.70 0.15 0.85 
Trans fatty acids   0.38   0.40 
    
0.31a 
    
0.47b 0.04 0.72 0.02 
Saturated fatty acids 44.42 43.02 43.93 43.51 0.99 0.35 0.77 
Unsaturated fatty acids 52.88 54.11 53.56 53.43 0.87 0.35 0.92 
Monounsaturated fatty 
acids 49.67 50.55 50.25 49.97 0.89 0.50 0.83 
Polyunsaturated fatty 
acids   3.22   3.56   3.31   3.47 0.20 0.27 0.61 
Results - TBARS 
Thiobarbituric acid reactive substances (TBARS; MDA Equivalents)  
  Treatment     
MDGS Glycerin P-Value 
N Y N Y SE MDGS Glycerin 
Day 0, mg/kg 0.44 0.47 0.41 0.44 0.05 0.63 0.62 
Day 7, mg/kg  3.45a  4.20b 3.96 3.96 0.18 0.02 0.32 
Conclusions 
The inclusion of  crude glycerin and 
MDGS does not negatively effect carcass 
characteristics, purge and cook loss, and 
steak and ground beef  color 
Current and Future Projects 
Rumen Metabolism  
• Two studies conducted on cannulated Holstein steers 
 
• Collect rumen fluid, fecal, and urine samples 
 
• Determine how dietary changes affect feed digestibility and 
metabolism 
Rumen Metabolism  
• Study 1 
– Corn based diets 
– Glycerin added at 10% of  diet 
– DG added at 40% of  diet 
 
• Study 2 
– Distillers grains based diet 
– Topped dressed with yeast 
 
Growth and Performance 
• 48 Jersey-Limousin cross cattle 
 
• Calan Gate individual feeding system 
 
• High and low fat distillers grains based diets 
– Corn based diet 
– Low fat DG with added corn oil 
– Low fat DG at high dietary concentration 
– Low fat DG at low dietary concentration 
 
Growth and Performance 
• Collect growth and performance characteristics 
– BW every 28 days 
– Daily intakes 
– ADG 
– Feed: Gain 
– Yield and quality grades 
– Back fat 
– Dressing percent 
– Rib eye area 
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Feedlot Totals 
Date Season 
Total # 
Head 
# of 
Samples 
Taken Positive STX# STX2# EaeA HlyA 
Percent 
Positive 
10/7/2009 Fall 2522 128 18 10 18 10 10 14.06 
10/21/2009 Fall 2418 122 5 4 4 1 1 4.098 
11/16/2009 Fall 3213 159 3 1 3 0 0 1.887 
11/30/2009 Fall 3316 158 3 3 2 2 2 1.899 
2/8/2010 Winter 2889 145 16 2 13 14 14 11.03 
3/28/2010 Spring 2540 124 4 4 4 1 1 3.226 
4/25/2010 Spring 2634 125 8 7 8 8 8 6.4 
6/3/2010 Spring 2616 133 18 14 18 18 18 13.53 
8/2/2010 Summer 2446 127 39 17 39 39 39 30.71 
9/27/2010 Fall 2470 118 10 7 10 10 10 8.475 
10/24/2010 Fall 2397 118 8 6 8 8 8 6.78 
Totals   
29,46
1 1,457 132 75 127 111 111 
9.06
% 
Abattoir Totals 
Date Season # HD 
# of 
Samples 
Taken Positive  STX# STX2# EaeA# HlyA# 
Percent 
Positive 
10/14/2009 Fall 299 88 13 12 12 8 8 14.8 
10/27/2009 Fall 284 119 7 6 5 3 3 5.9 
11/10/2009 Fall 440 120 7 6 6 3 3 5.8 
12/15/2009 Winter 299 117 55 42 55 34 32 47.0 
2/1/2010 Winter 509 120 3 3 3 2 2 2.5 
2/22/2010 Winter 226 42 11 11 11 11 11 26.2 
3/22/2010 Spring 363 108 4 4 4 4 4 3.7 
4/19/2010 Spring 308 95 0 0 0 0 0 0.0 
5/18/2010 Spring 241 62 6 5 6 6 6 9.7 
6/29/2010 Summer 397 119 1 0 1 1 1 0.8 
8/16/2010 Fall 296 87 7 2 7 7 7 8.0 
9/2/2010 Fall 504 124 26 3 26 26 26 21.0 
Totals   4,166 1,201 140 94 136 105 103 11.66 %  

